P ercutaneous dilatational tracheostomy (PDT) is a common treatment strategy for intensive care unit (ICU) patients undergoing mechanical ventilation, which has gradually replaced open tracheostomy because of its minimally invasive application, reduction in hemorrhage, and the simplicity of the operation. 1 To date, bronchoscopy has been commonly used for guidance of the PDT procedure. This method directly confirms the intratracheal puncture position via direct vision of the bronchoscope. However, this method is not able to provide guidance to a puncture pathway located in the center of the trachea. A small number of patients have complications during puncture, such as hemorrhage. Notably, obese patients with a body mass index (BMI) of 28 kg/m 2 or higher have certain complications during bronchoscopy-guided PDT. The body fat layer of these patients is thick, and the anatomic marks are not very clear, resulting in a considerably longer puncture pathway. Previous studies reported that bronchoscopy-guided PDT did not decrease the occurrence rate of complications and even might result in hypercapnia and intracranial hypertension. [2] [3] [4] The rapid development of ultrasound (US) in the field of critical care medicine has led a great number of medical professionals to use US for guidance during PDT puncture. This application could relatively reduce the PDT operation time and improve the accuracy of the puncture sites. 5, 6 With regard to this application, the number of studies regarding the use of PDT for obese patients has been considerably low. This study was conducted to compare the efficacy and safety of PDT with US or bronchoscopic guidance in critically ill patients, notably those who were obese.
Materials and Methods

Patient Selection
This work was a single-center retrospective study based on medical data records. The patients, who underwent PDT for mechanical ventilation between August 2013 and July 2015 in the Department of Critical Care Medicine of Zhongshan Hospital, were enrolled in this study. The exclusion criteria were as follows: (1) age younger than 18 years; (2) guidance by a combination of bronchoscopy and US or other guidance methods; (3) PDT in the emergency department. The study protocol was approved by the Ethics Committee of Zhongshan Hospital.
Percutaneous Dilatational Tracheostomy Technique
The PDT procedures in this study were conducted by experienced attending physicians. The materials needed for the procedure were as follows: Portex Blue Line Ultra percutaneous tracheostomy kit (Smiths Medical, Inc, Keene, NH) and No. 7.5 or 8 Portex Blue Line Ultra tracheostomy tube (Smiths Medical, Inc). After receipt of informed consent for PDT, the inhaled oxygen concentration of the ventilator was adjusted to 100% for all patients. The patients were required to retain a supine position with their heads pointing backward during the operation, while the regions of the neck and chest were exposed. The patients were administered sedative, analgesic, and muscle relaxation drugs in turn, and PDT puncture procedures were conducted with bronchoscopic or US guidance. Vital signs (eg, heart rate, blood pressure, and transcutaneous oxygen saturation) were continuously monitored during the procedure.
Bronchoscopic Guidance Technique
The bronchoscopic procedures in this study were conducted by professional respiratory therapists. The bronchoscope used in the study was a CV-150 video bronchoscope (Olympus America, Center Valley, PA). The bronchoscope was inserted into the endotracheal tube to the Murphy Eye level to maintain a relatively fixed position between the bronchoscope and the endotracheal tube. Under direct vision, the head end of the endotracheal tube was retreated back below the glottis, where the cricoid cartilage and the first and second tracheal cartilage rings were observed. The light source of the bronchoscope head end, which was observed on the body surface, was regarded as the puncture point. The obese patients were subjected to mild compression of the surface puncture site to enhance the brightness of the light source and expose the light spot. Under local anesthesia, a scalpel was used to make a transverse subcutaneous incision at the puncture point, approximately 1.5 cm in length. The trocar punctured the trachea vertically, and under bronchoscopic observation, the head end of the trocar was determined to be located in the airway. Subsequently, the cannula was retained; the needle core was removed; and a J-type guide wire was implanted along the trocar. The cannula was pulled out while the dilator and spreading forceps were used in turn to expand the subcutaneous tissue and the anterior wall of the trachea along the guide wire. Finally, the tracheostomy tube was implanted along the guide wire, and the oral tracheal cannula was extracted. The procedure was completed under bronchoscopic monitoring.
Ultrasound Guidance Technique
The tracheal US examinations were conducted by the attending physicians who did the PDT operations with a CX50 CompactXtreme US system (Philips Healthcare, Andover, MA) and a 12-3-MHz broadband linear array transducer. The transducer was placed in the middle of the neck (Figure 1 ). The positions of the trachea and cricoid cartilage were identified from a view of the longaxis plane. Simultaneously, the interval between the first and second tracheal cartilage rings was positioned ( Figure 2A ). The middle position of the trachea was identified from a view of the short-axis plane, and the vertical distance from the skin surface to the tracheal cartilage ring was measured (Figure 3 ). In addition, the isthmus of the thyroid gland and the surrounding vascular distribution of the trachea were identified ( Figure 2B ). Normal saline was used to fill the endotracheal catheter cuff. The oral tracheal cannula was gradually extracted until the head end was located above the cricoid cartilage on US, using a long-axis plane. The middle position of interval between the first and second tracheal cartilage rings was defined as the puncture point. The transducer was rotated at a 908 angle with regard to the short-axis view. At the predetermined puncture position, the trocar was inserted into the trachea from the middle point of the tracheal cartilage ring gap ( Figure 2C ). After extraction of the needle core, the guide wire was inserted into the trachea. The guide wire was placed toward the distal end of the trachea and identified from a view of the longaxis plane ( Figure 2D ). After placement of the guide wire, the US-assisted part was completed. The subsequent procedure was the same as the aforementioned methods.
Data Collection
The primary outcomes of this study were the number of punctures and operation time for PDT. The secondary outcomes included intraoperative and postoperative complications (intraoperative hemorrhage, intraoperative hypoxemia, pneumothorax, subcutaneous emphysema, tracheal/esophageal injury, infection, and tracheostenosis), and clinical outcomes (ventilator weaning time, length of the ICU stay, hospitalization time, ICU mortality, and hospital mortality).
Physiologic and biochemical indices from the clinical data were recorded, including age, sex, BMI, Acute Physiology and Chronic Health Evaluation II score, basic diseases, preoperative oxygenation index, duration of mechanical ventilation, routine blood examination results, and coagulation function. The following parameters were also recorded: PDT operation time, number of punctures, intraoperative and postoperative complications, and clinical outcomes, as mentioned above. After completion of PDT, the patients were required to receive a routine chest radiographic examination within 24 hours to determine the presence of pneumothorax. All of the discharged patients were followed for 1 year to identify whether the patients had dyspnea symptoms due to tracheal stenosis or other related complications.
Statistical Analyses
Statistical analyses were conducted using SPSS version 18.0 software (IBM Corporation, Armonk, NY). Continuous parametric data are expressed as mean 6 standard deviation, and the Student t test was used for comparisons between the groups. Continuous nonparametric data are expressed as median (interquartile range), and the Mann-Whitney U test was used for comparisons between the groups. Categorical data are presented as numbers and percentages. Statistical comparisons of categorical data were performed with 
Results
A total of 157 patients were enrolled in the study, including 85 men and 72 women with a mean age 6 SD of 68. 6 Figure 4) . No significant differences in the clinical characteristics between the normal and obese US groups and the normal and obese bronchoscopy groups were noted (Table 1) .
Primary Outcomes
The PDT operations were successfully completed in all patients. There were no significant differences in the number of punctures and the operation time between the normal US and normal bronchoscopy groups. However, the PDT operation time of the obese US group was significantly less than that noted for the obese bronchoscopy group (12.8 6 4.8 versus 16.2 6 4.4 minutes; P 5 .026). Five cases (45.5%) had only 1 puncture, and 3 cases (27.3%) had at least 3 punctures in the obese US group. By contrast, 4 cases (26.7%) had 1 puncture, and 6 cases (40.0%) had at least 3 punctures in the obese bronchoscopy group. The number of punctures for the patients in the obese US group was significantly less than that noted for the patients in the obese bronchoscopy group (P 5 .011; Table 2 ). Data are presented as mean 6 SD where applicable. 
Secondary Outcomes Clinical Results for the Normal Group
After the PDT operations, 2 patients in the normal group had pneumothorax; 1 patient had subcutaneous emphysema; 1 had infection at the tracheostomy site; and 2 patients had tracheostenosis of different degrees within 1 year after the operation. No significant differences in the intraoperative and postoperative complications, ventilator weaning time, duration of the ICU stay, hospitalization time, ICU mortality, and hospital mortality were noted between the normal bronchoscopy and normal US groups ( Table 2) .
Clinical Results for the Obese Group
Intraoperative hemorrhage in the obese US group was significantly less than the corresponding intraoperative hemorrhage in the obese bronchoscopy group (12.1 6 4.6 versus 16.8 6 4.3 mL; P 5 .009). Eight months after PDT, 1 patient in the obese bronchoscopy group had chest distress and discomfort. A bronchoscopic examination indicated that the original site of the tracheostomy had tracheal stenosis, and the patient recovered after implantation of a tracheal stent. The remaining patients had no serious complications. No significant differences in the intraoperative and postoperative complications and clinical outcomes were noted between the obese bronchoscopy and obese US groups (Table 2 ).
Discussion
The results of this study suggested that PDT with US guidance significantly reduced the operation time, number of punctures, and intraoperative hemorrhage in critically ill obese patients (BMI 28 kg/m 2 ). However, this significant advantage was not found in critically ill patients of a normal size (BMI <28 kg/m 2 ). Percutaneous dilatational tracheostomy was initially used as a clinical application in 1985. 7 In this study, PDT revealed several advantages: namely, less trauma, less hemorrhage, simplicity of the operation, and placement suitability of the tracheostomy tube compared with traditional surgical tracheotomy. Currently, in clinical practice, PDT procedures are usually performed with bronchoscopic guidance. However, not all departments are conventionally equipped with a bronchoscope. In addition, the bronchoscope provides an approximate location of the position of the puncture point, and it is not able to accurately guide the puncture needle for penetration of the trachea via the middle line. Consequently, the puncture site is partially subjected to bias. Furthermore, repeated punctures may aggravate injuries and increase hemorrhage risks. In obese patients, this finding was more dominant because of the thickness of the neck subcutaneous fat layer, indicating that the puncture pathway was relatively long and identification of the puncture point more difficult. A patient may have a repeated cough, and the airway resistance may be increased in a case of unsuccessful implantation of the catheter in the middle of the trachea. Severe cases may have ulcers or even tracheal perforation due to repeated rubbing of the tracheal wall by the head end of the tracheostomy tube. In addition, the prolonged bronchoscopic procedure may induce hypoxemia and carbon dioxide retention. With regard to the group of patients with severe craniocerebral injury, prolonged bronchoscopy was shown to induce increased intracranial pressure, which resulted in secondary injuries. 8 The application of intensive care US has increased in various medical fields. 5, 6, [9] [10] [11] [12] Rajajee et al 5 reported on PDT procedures with US guidance in 13 patients with cerebral trauma. The study included patients with morbid obesity and cervical vertebral disease. All of the patients were punctured successfully, and no case had complications: namely, pneumothorax, hemorrhage, and posterior wall injury. Gobatto et al 11 reported that PDT with US guidance could apparently reduce the operation time in critically ill patients compared with PDT with bronchoscopic guidance. The advantages of US-guided PDT include the following: (1) it provides good anatomic landmarks and accurate localization of the puncture point; (2) it can be used to estimate the appropriate tracheostomy tube size; (3) it avoids anterior neck structures and vascular injuries; (4) it can guide the puncture needle, penetrating the trachea via the middle line.
The results of this study indicated that PDT with US guidance significantly decreased the operation time in the obese patients versus PDT with bronchoscopic guidance. The underlying reason could have been the neck subcutaneous fat layers in the obese patients, which were relatively thicker. Ultrasound guidance for PDT identified the puncture site and puncture pathway accurately. As a result, the puncture success rate was improved, and the operation time was reduced. The results of this study indicated that in the obese patients, the number punctures in the US group was significantly less than that in the bronchoscopy group. This finding suggests that PDT with US guidance decreases the number of punctures and the operation time in obese patients.
In addition to the number of punctures, PDT with US guidance successfully protects the surrounding vessels and organs from the puncture pathway and reduces unnecessary hemostasis time. Approximately 2% to 12% of the population have a low thyroid artery, and this vessel variation has previously been shown to have a higher incidence in the Asian population. 13 Blind puncture may damage the cervical blood vessels or thyroid and eventually result in life-threatening bleeding. Ultrasound exploration aids in identification of the anatomic structures of the cervical region and determination of the location of the main vessels and isthmus of the thyroid gland to avoid intraoperative hemorrhage and surrounding organ injury.
14 In this study, the amount of intraoperative hemorrhage in the obese US group was significantly less than that in the obese bronchoscopy group. This finding suggested that puncture with US guidance effectively prevented vessel damage around the trachea in the obese patients.
Tracheal stenosis is a long-term complication of PDT that frequently occurs in patients with a considerably greater number of puncture sites and an inappropriate tracheostomy tube position. Consequently, it is of particular importance to determine the precise location of the puncture site. [15] [16] [17] [18] The data obtained from an autopsy study indicated that in patients with a blind tracheal puncture method, 33% had tracheotomy tubes that were implanted at a site above the first tracheal cartilage ring. However, none of the patients who underwent PDT with US guidance had this type of complication. 14 In addition, tracheal puncture with real-time US guidance can substantially reduce the distance from the puncture point to the center of the trachea and decrease the occurrence of complications due to deviation of the tracheostomy tube. 6 In this study, no patient in the obese US group had postoperative tracheal stenosis. The low incidence of tracheal stenosis was partly attributed to the precise position of the puncture during US guidance. The procedure of PDT with US guidance prevented an excessively high or deflective catheter position, which might be partly related to long-term tracheal stenosis.
This study had certain limitations. First, it was a single-center retrospective study with no control group and a limited sample size. Second, the US examinations and PDT procedures were conducted by different physicians, which could have influenced the results. Third, the study did not include the required time for the two different guidance methods in the statistical analysis. Consequently, subsequent prospective randomized controlled trials are expected to further improve the experimental design to confirm the aforementioned conclusions.
In conclusion, PDT with US guidance significantly reduced the number of punctures and the operation time in obese patients versus PDT with bronchoscopic guidance and decreased intraoperative hemorrhage as well. This procedure was a quick, safe, and accurate method of minimally invasive airway management.
